INTRODUCTION
No one would object to the proposition that climacterium means the stage of incipient senility, but there are few works giving more concrete attention to it. It is also generally accepted that climacterium begins when the ovary begins to show signs of senescence, but no one has proved it and it is not yet known whether this hypothesis is tenable. The cases of sundry climacteric disturbances are attributed to a "deficiency of ovarian hormones", but we feel justified in raising questions against this generalization. The present authors have been engaged in making researches to solve such questions on climacterium and cli macteric disturbances for the past 10 years. In the following, the results of these studies are presented, together with a discussion on the relief from climacterium, that is, rejuvenation of the sex center.
Definition of climacterium and climacteric disturbances
Climacterium is generally defined as the transitional stage between maturity and senility, but such a vague definition is of little help for detailed investigation. Squires1) gives the definition of "the stage for adaptation to the changes of the ovarian function, accompanying menopause", but in climacterium, not only the ovaries but all the endocrine organs are subject to functional changes. There fore, the present authors wish to propose the definition of " the stage of abnormal fluctuation of the endocrine functions observed before and after the menopause" for climacterium. The traditional proposition that the climacteric disturbances are caused by a deficiency of ovarian hormones has misled many authors in the belief that the ovary is the first of all endocrine organs to fall into senescence. When the ovaries of an old white rat above 650 days of age with complete cessation of estrous cycle and that of mature rat were bilaterally exchanged, the sexual cycle of the mature rat was kept intact but the vaginal cycle was not revived in the old rat provided with the ovaries of mature rat (Fig. 1) . Therefore, it would seem reasonable to assume that the first organ to fall into senescence cannot be the ovary but some other central hormonal organ. Now, when the hypophysis of a sexually matured female rat is removed, it loses its estrual cycle, but when hypophysis is trans planted from a male rat, it regains the estrous cycle (Fig. 2) . It follows that the hypophysis has no sexual difference. As the climacterium is not clearly detec table in male animals, it is difficult to suppose that the climacteric changes begin by occurring in the hypophysis. So, we are finally driven to the hypothalamus containing the sex center as the last resort. 
Senescence of diencephalon
Few, if any, authors have treated the subject of senescence of the diencep halon. The present authors, using the diencephala of old white rats showing no The diencephalic QO2 was slightly higher in the old rat than in the mature in diestrus, while the Gomoriphil substance and ChE in the old rat were nearly on the same level as the values in the mature rat in estrus, but Ach was lower in the old than in the mature rat in any stage of estrous cycle. The values of QO2 and Ach were measured in castrated rats and obtained results showed that senescence and castration have different effects on the values. The hypothalamus is influenced by estradiol injection. When mature rats in diestrus were sub cutaneously injected with 100 y of estradiol, the diencephalic QO2 rose signifi cantly, but in old rats only a slight rise was observed (Fig. 7) . In similar tests, the Ach content was considerably higher in mature rats, but rather low in old rats (Fig. 8) . When the doses were doubled, the ChE content in the nucleus supraopticus was significantly reduced in mature rats, but only very slightly in old rats (Fig. 9 ). These results show that when the diencephalon becomes senescent, its sensitivity to estradiol is diminished. The secondary fluorescence emitted by young tissues stained with acridin orange for one minute is greenish, that is the color of rather short wave-length , but in older tissues, the color changes to of longer wave-lengths, through yellow to orange, brown and finally to red. The diencephalic tissue of old rats, as shown in Fig. 10 , showed secondary fluorescences of longer wave-length than those of younger rats. A similar trend was observed in specimens of human diencephalon (Table II and Fig. 2 ). In the human hypothalamus, the paraventricular, sup raoptic and tuberal nuclei, all became senescent at nearly equal paces and the change of the color became particularly evident after menopause, but the fornix showed little change in this respect. Climacteric disturbance and hormones I) Estrogen : Seeing that climacteric disturbances occur just before and after menopause, castration causing similar disturbances and estrogen effective in curing such disturbances, many investigators believe that climacteric disturb ances result from deficiency of estrogen. But upon determination of urinary estrogen of patients with climacteric disturbances, it was found that the value was high in some cases and low in the other showing no definite tendency (Kurzrock2), Tamis3), Berger et al.')). In consideration of the possible periodic rise and fall of the estrogen secretion, the urinary estrogen value of an adult woman and a woman in climacterium were estimated over one month, and it was found that estradiol, estron and estriol were all rather in higher content in the urine of the climacteric woman, as shown in Figs. 12 and 13.
Yamada, one of the co-workers, has made a comparative study of the quan tity of estrogen produced upon incubation of the ovary of adult women with gonadotrophin and testosterone, and a similar incubation test with the ovary from climacteric women, and found that the ability of elaborating estogen in most of the climacteric ovaries was not inferior to that of mature ovaries. The Gland with 400 y of Estrone and Gonadotrophin. suprarenal gland normally secretes chiefly estrone , but after castration, it secreted estradiol (Table IV) . Thus, after oopborectomy , the suprarenal gland replace the ovary in the function of secreting estradiol . These findings show the un tenability of the hypothesis that climacteric disturbances are attributed to the effect of decreased estrogen secretion. II) Gonadotrophin : Numerous authors have reported on the increase of the urinary content of follicle stimulating hormone (FSH) in subjects with climac teric disturbances (Zondek5 ), Engel6), Henderson et Fig. 14, although some cases showed decrease of FSH with the alleviation of symptoms (A), in some other cases on whom complete remission was obtained by estrogen injection, FSH dropped temporarily with alleviation of the symptoms following estrogen administration but rose again to about twice the pretreatment value on the 14th day when no symptoms were present. From these experimental results and the fact that 80% of climacteric disturbance cases are cured by es trogen therapy while FSH level often increased by rebound phenomenon after estrogen injection, it must be inferred that increase of FSH is not the cause of climacteric disturbances. (Fig. 15) . The 17-OH-corticoid content in urine was subnormal in some cases but quite normal in others (Fig. 16) . The content of 17-KS in urine, ACTH in plasma and TSH like substance in whole blood were increased only in some of the cases with climacteric disturbances. In short, the hormones in subjects with climacteric disturbances often show abnormal changes, but not enough consistency is found to justify the consideration of these abnormality as the cause of the climacteric disturbances. It has been thus ascertained that climacteric disturbance is less closely corre lated with hormone secretion but more with autonomic nervous function , but why is it that hormone administration is effective in treatin; such disturbances ? As a clue to this question, we tried to evaluate the influence of some hormones on the function of diencephalon, namely , QO2 and the secretion of Ach, ChE, alka line phosphatase and Gomoriphil substance . As shown in Fig. 22 , the dien cephalic QO2, 6 hours after injection of 1 y of estradiol , was lowered, rose after 10y, 100y and 1,000 y of it, but the rise after 1 ,000 y was not so large as that after 100y. Progesterone also caused the maximum rise after 100y . After pregnanediol, known as ineffective as hormone but effective in treating climacteric disturbances, the diencephalic QO2 increased, but testosterone caused only slight change in the value. When castrated , rats were injected with 500 i.u. of sero tropin (PMS), the QO2 value dropped significantly . As shown in Table VII, 6 and 9 hours after injection of 0 .04y of estradiol benzoate, the alkaline phosphatase (Al-Ph) content in the diencephalon of rat was moderately lowered, but very ptrceptibly 9 hours after 0 .4y of estradiol. After 200y of the latter, the value began to decrease in 6 hours and fell to the lowest level in 12 hours and remained there till the 48 hours , then tended to normalize. Nearly no effect was discernible after 1 ,000y of progesterone, and only a moderate decrease of the Al-Ph content was observed 6 hours after 500y of testosterone propionate. Effect of Hormones on Alkaline Phosphatase
Content in Nucleus Supraopticus
As shown in Table VIII , the Gomoriphil substance in the supraoptic nuclei is affected more by the large doses of estradiol than by the small doses of it, but more by the small doses (10y) than by the large doses (100y) of testosterone. After 10y of progesterone, the Gomoriphil substance began to increase in 3 hours, attaining the maximum content in 6 hours, but the content rose abruptly in 12 hours after 1,000y. castrated rat injected with 5001.u. of serotropin (PMS), the Ach content remained unchanged.
As shown in Table IX , the ChE content in the supraoptic nuclei of the rat was not much affected after I y of estradiol, but increased a little in 3 hours and decreased moderately in 12 hours after giving 10y of estradiol. After 100y-200y, ChE content moderately increased in 3 hours and markedly decreased in 12 hours, the effect being more significant after 200y than after 100y of the dose. When the dose was raised above 500y, the increase at the 3 hours was not observed, while the decrease became apparent after 48 hours. No significant changes were observed after the injection of progesterone or pregnanediol. ChE increased after ly of testosterone propionate and after the doses of 10y the increase oc curred in earlier stage of observation, although the degree of the increment was rather mild. Injection of 5001.u. of serotropin (PMS) caused no change in the ChE content in castrated rats. Thus, it was found that the factors governing the diencephalic function-Q0, , Al-Ph, the Gomoriphil substance, Ach, ChE -are all under the influence of the hormones tested, either positively or negatively, and in particular, the contents of Ach and ChE, which are considered to have close relationship with the func tion of autonomic nerves, are strongly influenced by the hormones. Besides this, the more effective hormones against climacteric disturbances showed the more stronger effect on the diencephalic function.
Is rejuvenation of the sex center possible ?
Although the sex center is now generally considered to be located in hypo thalamus, it is not decided which nuclei represent the center as yet. In this study, therefore, the part of hypothalamus containing the supraoptic, paraven tricular and tuberal nuclei was taken as to represent the sex center.
As stated above, when the hypothalamus becomes aged, the secondary fluorescence after acridin-orange staining will have longer wave-length. Hence, we adopted the method of comparing the secondary fluorescence from so-called sex center of old rats of same maturity, devided into experimental and control groups, for the evaluation of rejuvenative effects of various agents. By such a method, it was dhmonstrated that royal jelly and orotic acid had the rejuve native effect.
DISCUSSION
There is no disagreement to the fact that climacterium is the commencement of senescence, however differences of the opinion exsist in regarding the generally accepted hypothesis of the senescence initiating in the ovary. Our investigators led to the conclusion that senescence begins rather in the hypothalamus, and that this process can be alleviated by the administration of royal jelly or erotic acid. Sex center is located in the hypothalamus, hence it could be deduced that these two agents also exerts their rejuvenating effect on the sex center. When royal jelly is injected to women in menopausal stage, menses-like hemorrhage is some times observed.
Hitherto, it has been generally accepted that climacteric disturbances are caused by deficiency of estrogen due to retrogression of the ovarian function. But the excretion of estrogen in urine was found not always decreased in patients with climacteric disturbances.
In these cases, the follicle-stimulating hormone (FSH) was found to be increased in many cases but in some cases this increase was not found. Besides this, there are cases in which moderate increase of the hormone was found but without any symptom of climacteric disturbance. Thus, the change of FSH content did not show parallelism with the manifestation of such symptoms, neither their contents of 17-OH-corticoid, 17-KS, ACTH and TSH showed any correlation with the grade of climacteric disturbances. Yet, almost all the patients showed instability of the autonomic nervous function.
From these findings, we may infer that climacteric disturbances are caused by a primary instability of the autonomic nervous function brought about by the aging of the nervous center and a secondary dysfunction of the autonomic nervous center due to the senescence of the hormonal organs.
It is hardly possible to maintain the endocrine balance permanently on the level of full maturity, but even without bothering about the hormonal balance, we may correct the dysfunc tion of the autonomic nervous center. For treating climacteric disturbances, repair of the impaired function of the autonomic nervous center should be the objective. The effectiveness for repairing the autonomic nervous function is the strongest in estrogen , next in testosterone, weak in progesterone and barely detectable in pregnanediol. Gonadotrophin also proved effective, but only slightly. The efficacy of these hormones in repairing the impaired autonomic nervous function runs nearly parallel with their efficacy against climacteric dis turbances. Slow intravenous injection of 0.5% solution of procain chloride, known as devoid of hormonal effect but effective in regulating the autonomic nervous function, also proved as effective as estrogen injection in alleviating such disturbances.
The current policy of treating climacteric disturbances by attempting re plenishment of deficient hormones is misdirected. When some hormonal treat mont is contemplated then, the aim of the treatment must be the autonomic nervous center. Consequently, hormone treatment against climacteric dis turbances need not be continued long, a course of hormone administration of less than a week being often sufficient for the purpose. If such a short course proved to be ineffective, some other therapeutic procedures should be resorted to. When 3-4 different methods in succession prove to be utterly unsuccessful, then the case undoubtedly represents a case of disturbances caused by emotional con flict, and is uncurable unless she is duly treated as a psychosomatic patient. The subject of psychosomatic disorder will be treated in another report.
CONCLUSION
The present authors' investigation on climacterium, climacteric disturbances and the possibility of rejuvenating the sex centers led to the following conclusions :
1. The hypothalamus falls into senescence earlier than the ovary. There fore, the currently accepted opinion that climacteric changes begin in the ovary and then proceed to the hypothalamo-hypophyseal system is unfounded.
2. Some of the climacteric disturbances are psychosomatic and some are endocrino-vegetative. The results of our study led us to conclude that the latter are not necessarily correlated with deficiency of estrogen or increases of gonadotrophin, but from a dysfunctional syndrome of the autonomic nervous center due to the effect of senescence of the diencephalon and the hormonal organs.
3. Estrogen proved to be most effective in correcting such a dysfunction of the autonomic nervous center, but androgen, gonadotrophin, pregnanediol, and even the nonhormonal procaine are also effective.
4. The objective of treating climacteric disturbances is to correct the dysfunctioned autonomic nervous center. It is impossible to expect success after long persistent treatment with hormones only. When a course proves unavailing within a week, another therapy must be contemplated, and if 3-4 methods fail to effect, psychosomatic disorder should be suspected. The doses of the hor mones used need not be large, 1 mg of estrogen, 10 mg of androgen or 10 mg of procaine per day will be quite sufficient for the purpose.
5. It was demonstrated that treatment of climacteric disturbances should succeed by merely bringing the autonomic nervous function back to order, without attending to the function of the sex center, and also that the attempt at re juvenating the hypothalamus, the seat of the center, is a hopeful enterprise.
